growth rates of 0.5 mm yr-~ for the first century. However, the new data show that the growth curve developed by Osborn and Taylor (1975) underestimates radial growth rates and overestimates substrate age beyond 150 yr. It should be replaced by the newly constructed curve.
Aspicilia candida has lichenometric potential on carbonate-rich moraines in the front ranges of the Canadian Rockies. It has an ecesis of approximately 90 yr, followed by a maximum average growth of 0.9 mm yr-' for at least 60 yr. It is not known if the species has lichenometric potential beyond approximately 150 yr. More data are needed to better establish whether regional variations in growth and growth rates exist beyond the calibrated period.
XANTHORIA ELEGANS
Xanthoria elegans is a yellowish-orange through orange to reddish foliose to crustose lichen (Thomson, 1984; Clauzade and Roux, 1985) . It has a circumpolar and alpine distribution, is found on all continents except Australia (Almborn, 1987) and was one of the first species to be used in lichenometry (Beschel, 1954) . Despite this, we know of only three growth curves (Carrara and Andrews, 1973; Osborn and Taylor, 1975; Chen, 1989 ) and a few short-term measurements that document the growth of this species (Table 1) . The available data show X. elegans can have a short ecesis (10-30 yr), can grow quickly (0.2 to 1.75 mm yr-~) on a variety of substrates and may live for several centuries. Nevertheless, Osborn and Taylor (1975:111) report that X. elegans is less than ideal for lichenometry. They describe it as being: short-lived and relatively fast-growing, sensitive to natural fertilizers (i.e., orithocoprophilous), easily fragmented and weathered, rapidly out-competed by other plants and rare or absent for unknown reasons on some deposits.
While these limitations should be of concern to potential users, the response of X. elegans to natural fertilizers is likely the most disconcerting and least understood characteristic of the species. Unfortunately, we know of no study that provides a detailed account of how the growth or establishment of this species is influenced by the addition of animal dung.
It is our observation that dung-fertilized X. elegans thalli are almost always found near rodent burrows or bird perches. At such sites thalli are thick, have irregular outlines and are clustered along nutrient and moisture-rich cracks and micropits on the crest of rocks. We have also seen that X. elegans thalli that have overtopped dung develop rippled surfaces and are only loosely attached to the rock. These thalli are invariably small and are excluded from lichenometric measurements because they overgrow or have marginal contact with other thalli. This makes it easy to recognize and avoid well-fertilized thalli and ensure that such thalli are an unlikely source of error in lichenometric dating. 
Description of the Study Area
The 
Methodology
The approach used in this research was first to establish the age of a series of control surfaces. Preference was given to sites occupied by X. elegans, where the substrate age could be established from either historically dated structures or from an assessment of tree-ring records (e.g., Luckman, 1977; Desloges and Ryder, 1990). The largest thallus found on each dated surface was then used to establish a growth curve fitted to the largest thallus on deposits of different age (e.g., Benedict, 1967; Porter, 1981) . In all cases, a complete search of the landform was used to locate the largest circular to oval thalli (<80% fragmentation) on each control surface (e.g., Webber and Andrews, 1973). Unless otherwise noted, all critical thalli are from grey limestone clasts that are embedded in the crest of a moraine.
The thallus size data were collected in the summer of 1989 using a flexible, transparent plastic ruler. Individual lichens were registered by including a measure of the Largest Inscribed Circle (L.I.C.) and the longest axis (Innes, 1985) . Lichen size will therefore be reported as: L.I.C. x longest axis. Maximum-average growth rates were calculated by dividing the L.I.C. measurement by substrate age (i.e., substrate age = the date that measurement was taken minus the date that the landform surface became stable and/or exposed). Voucher samples of the lichens studied were identified by P. Y. Wong, National Museum of Canada and J. Sheard, Department of Biology, University of Saskatchewan.
Tree-ring counts were done using sanded increment cores and a dissecting microscope. In each case all mature trees on the landform were sampled below 30 cm on the mainstem. Tree germination dates were adjusted for sampling height using data developed at Elk Glacier (McCarthy et al., 1990) and a tree ecesis of 24 yr was applied based on estimates done at Elk and Haig Glacier following McCarthy and Luckman (1993). Crossdating of an overridden snag at Elk Glacier was performed by M. E. Colenutt, Dendro-geomorphology Laboratory, University of Western Ontario, using a regional network of 11 chronologies (Colenutt, 1992 , Colenutt and Luckman, 1994 , Smith et al., 1995 .
Results and Evaluation

XANTHORIA ELEGANS DATA
The X. elegans L.I.C. and substrate-age data developed in this work are summarized in Table 2 (Table 1) show that X. elegans growth rates are high at moist, low-elevation sites. Similarly, modem tree-ecesis data (McCarthy and Luckman, 1993) show that uniformity in ecesis is rare and suggest it would be unreasonable to expect all tree-ecesis dependent points to fall on the growth curve.
Comparison of the growth curve developed in this study with that developed by Osbor and Taylor (1975) shows the two curves are identical for the first century, but diverge in their oldest sections (Fig. 4) . This discrepancy is due, in part, to fundamental differences in the approaches used in the two studies. Our newly developed growth curves come from a limited number of sites representing a small range of elevations and microclimates. In contrast, the Osborn and Taylor (1975) curve attempted to reflect average conditions over a much larger range of elevations and climates. The main differences between the two curves may, however, be due to ambiguities in the three oldest control points employed by Osborn and Taylor (1975) .
The oldest control point presented by Osborn and Taylor (1975) came from the outermost terminal moraine (Moraine I) at Athabasca Glacier (Fig. 1, Table 3 ). Unfortunately, most of that control surface has been destroyed by human activity and by 1989 only six acceptable X. elegans thalli (largest 53 X 71 mm) could be found at the site. Osborn and Taylor (1975) assumed that Moraine I stabilized in 1721 (Fig. 4, Table 3 , point 23) within a few years of the date estimated from a tilted tree on a contiguous lateral moraine (Fig. 4, Table 3, point 24) . However, Luckman (1988:44,48) reports the control surface has a minimum date of only 1778 (tree A81131) (Fig. 4, Table 3, point  22) . Consequently, the oldest point used by Osborn and Taylor (1975) remains enigmatic.
The second oldest point used by Osborn and Taylor (1975) assumed that ice retreated from Moraine II at Bow Glacier (Fig.  1) in 1852 (Fig. 4, Table 3, point 20) . However, Leonard (1981) found growth depression in a tree at the site and argued that ecesis was likely delayed. He suggested Moraine II probably formed sometime before 1852 (Fig. 4, Table 3, point 21) . The third oldest point (Fig. 4, Haig Glaciers (Fig. 3, Table 2 , points 8, 11, 12) and plotted a curve that accepts the revised control points. These data indicate that the Osborn and Taylor curve overestimates growth rates beyond the first century.
ASPICILIA CANDIDA DATA
The dendrochronological and historical data from five sites (Table 4) (Luckman, 1988) aAge in years A.D. 1974 as reported by Osborn and Taylor (1975) . thalli on the outer moraine at Foch Glacier are shown in Figure  5 as points 7 (proximal crest) and 10 (distal crest). The rapid growth rate suggested by point 10 seems inconsistent with the lack of standing water or lush vegetation (lichens or other plants) on this moraine. It is therefore concluded that the distal crest of the lateral moraine (point 10) predates the crest and proximal slope (point 7) of the terminal moraine. Accordingly, point 10 is rejected and point 7 is accepted.
Points 8 and 9 are based on the largest A. candida thallus (46 x 52 mm) measured on the western lateral moraine at Athabasca Glacier in 1989. Since the exact age of this surface is not known, the line representing the growth trend is drawn to fit the other controls. While specific attempts were made to determine ecesis rates for this species, extrapolation from the growth curve suggests that A. candida has an ecesis of approximately 90 yr at these sites. Once established, the thalli grow at a maximum average rate of 0.9 mm yr-I for at least 60 yr.
Conclusion
The results of our investigations suggest that radial growth rates of X. elegans at various sites in the Canadian Rockies are Potential users should recall, however, that the oldest portion of our X. elegans growth curve is a provisional estimate of growth rates beyond the first two centuries. More and closer dating controls are needed before this oldest portion of the growth curve can be defined. Workers must also understand, that the sporadic and unpredictable distribution of these species in this and perhaps other regions limits their lichenometric potential. We hope that our findings will encourage others to investigate the use of lichenometry in alpine carbonate terrain. However, we caution that these environments are not well suited to the use of dating methods that use percentage cover, multiple species or quadrat sampling in lichenometry (e.g., Winchester, 1984 , Matthews, 1974 , 1975 . Despite this, we believe that the approaches demonstrated herein have the potential to provide accurate and reproducible ages for carbonate-rich surfaces.
